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1. Introduction
In RAN4#86bis, a discussion [1] was provided for MSD requirements for 2nd order harmonics, e.g. DC_3C_78A and CA_n3A-n78A since some inconsistencies was found. During discussion, it was found that more combinations were involved and original analysis was somewhat partial and even erroneous. A WF including updated background, analysis and two tentative proposals were provided in [2] which is as following:

· Proposal 1:Keep the channel conditions for the band combinations which use the same MSD scheme and values with CA_3A-42A
· UL restriction 50 RB for > 20MHz DL channel bandwidth in victim high band
· UL RB allocation number independent of UL aggressor channel bandwidth
· The offset equation for lower MSD region 
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would not be impacted.
· Proposal 2: Clarify that unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth.
· This configuration is defined for combinations with direct overlap.
· For combinations with no direct overlap, the uplink configuration and allocation would be defined case by case.
Two updated CRs were also provided in [3][4] based on the proposals. 
However, proposal 1 was deemed not technical reasonable and is not the worst interfering case the spec should be tested. There is also other questions and concerns on what principle should be abide by for UL configuration for refsens test for harmonics. So no agreements were reached.
In this paper, we further discussed this issue and provide a more complete proposals.

2. Discussion
2.1. LTE Background

One typical combination for UL harmonics for LTE is CA_3A-42A. In Rel-12 LTE, the Reference sensitivity exceptions due to UL harmonic interference for this combination were developed. Two sets of MSDs were defined. Apart from direct overlap case, MSD is also needed for 2nd order harmonics side lobe. The Channel conditions for MSD study is referenced from [5] and listed below.
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Some simulation and further explanations were provided in [6][7] and one illustration was provided:
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The LTE CA band combination CA_3A-42A requirements were introduced in [8] for Rel-12. Since 2nd order UL harmonics exists, MSD were defined for different channel conditions. The key part was composed below:

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-42A9,10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	42
	
	
	[-71.7]
	[-71.7]
	[-71.7]
	[-71.7]
	TDD

	CA_3A-42A11
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	42
	
	
	[-97.1]
	[-94.7]
	[-93.2]
	[-92.5]
	TDD

	NOTE 9:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A and CA_3A-42C. 
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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The Note 9 explained the larger MSD A is applied to the direct overlap, i.e. between the Band 3 2nd transmitter harmonic and Band 42 DL, and the 10MHz guard band part. Note 10 defines the specific verification point. Note 11 provided the verification point for MSD B which is for the side lobe.

It should be noted the verification point of Note 11, the offset value 
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 MHz is based on the assumption that maximum victim bandwidth for direct overlap is 20MHz which is as illustrated in [R4-148024]. It means that 50RBs can be allocated in aggressor, thus the 2nd order harmonics is 20MHz and can fully overlap with victim. It should be noted that the Figure 1 illustration in last meeting discussion [1] is incorrect in the UL RB allocation. The corrected figure is:


[image: image14]
Figure 1 Example of measurement location for CA_3A-42A
For higher order harmonics such as 3rd, 4th, and 5th order, MSD for side lobe was considered not severe and only direct overlap were defined. 
In addition, although not officially documented, it is generally considered that the worst case of direct overlap is the aggressor harmonics is totally overlap with the victim channel bandwidth, this could be illustrated by the UL configurations for the low band which is also reference below for CA_3A-42A . Higher order harmonics are also applies.
Table 7.3.1A-0b: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_3A-42A
	3
	
	
	12
	25
	36
	50
	FDD

	CA_3A-42C
	3
	
	
	12
	25
	36
	50
	FDD


Furthermore, although not clearly defined, the location of the UL allocated RBs within the UL channel bandwidth is by default in the middle and was correctly implemented in RAN5 test.  By comparison, the UL allocation for FDD single carrier reference sensitivity test usually set as close as to the DL channel to maximize the impact to its own band.
2.2. Discussion for NR 
For NR, n77/n78 is partly overlapping with band 42 and holds similar harmonic problem. Since n77/n78 is larger than Band 42, more combinations have similar 2nd order harmonic problem. For NR SA CA and EN-DC, the same set of MSD scheme and values for 3A-42A were reused for a number of combinations. 

However, there is divergent treatment of how the UL allocation set for different combinations, some of them was not inline with original proposal on which the MSD values were based, and some are even erroneous. There is a need to set general guide lines to ensure future extension. The 2nd order harmonics is 
Observation: There is a need to set general guidelines for UL allocation for UL harmonics and other MSD relating rules.

No matter the order of harmonics, from LTE, it is generally considered that the worst case of direct overlap is the aggressor harmonics totally overlap with the victim channel bandwidth while not exceeding it. If the totally overlap cannot be achieved, e.g. victim channel bandwidth is too large, the maximum degree of overlap should be achieved.
As an example, for the combination 1-n77, when the measurement channel bandwidth in n77 is 20MHz, the UL allocation have to be 50RB since this will make 2nd order harmonics occupies a bandwidth of 20MHz, then the channel condition should be identical to 3-n77 and the guard band should also 10MHz in MSD A region. i.e. R4-1901874 is incorrect for ∆FHD for DC_1_n77 and should be revised same to DC_3_n77.
Proposal 1: For direct overlap, the UL allocation should be set to make the UL harmonics just fully cover the victim measurement bandwidth. If full overlap cannot achieved for large measurement bandwidth, the maximum degree of UL allocation possible should be utilized.
For the UL allocation within the UL channel, there is a need to clarify the exact location. It should be noted that this is different from singe carrier case in which the UL RBs are located as close to DL as possible. In fact, LTE already use center location for direct overlap case and this should be reused. For the case where no direct overlap, the location should be determined case by case.

Proposal 2: Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth. (Note: This configuration is defined for combinations with direct overlap. For combinations with no direct overlap, the uplink configuration and allocation would be defined case by case.)
Another situation is that the following note was introduced for UL configurations for UL harmonics:
NOTE 2:
The UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.
This latter half of the note, “unless….”, is totally unreasonable and should be deleted. It basically says UL RB restriction defined for aggressor band single carrier Refsense test should still be honoured in the MSD test for higher victim band. However, the basic reason to introduce the UL RB restriction for FDD single carrier refsense is to control self-interference to its own DL due to large RX/TX pass bandwidth and small RX-TX duplex gap for certain band and provide a guidance for BS scheduler [R4-080692]. This reason is irrelevant for the current scenario in which the measurement and performance evaluation is on a different (higher) victim. So in order to achieve possible worst case (wider harmonics) and better satisfy the previous proposal 1, this restriction based on single carrier case should be removed.
Proposal 3: UL RB restriction defined for single carrier case should not be used to further restrict the aggressor UL allocation in refsense exception requirements due to UL harmonics. 
For 2nd order harmonics, a smaller MSD B requirement was set for side lobe with the offset equation 
[image: image15.wmf](

)

2

/

20

HB

Channel

BW

+

±

. However, this equation is only applied for measurement victim channel bandwidth equal to or smaller than 20MHz, which is illustrated in previous Figure 1. This is corresponds to 50 RB UL allocation. With the current situation in NR, the UL allocations could exceed 50RBs. There is a need to introduce new equation for the case measurement channel is larger than 20MHz. One possible scheme is 
It should be further noted that under the current spec structure, the same UL configuration corresponds to the same direct overlap measurement channel bandwidth and side lobe measurement channel bandwidth.

[image: image16]
Figure 2 Possible example of measurement location for BW larger than 20MHz
In this example, one tentative offset equation is changed to 
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，this is in line with current equation for the case BW is smaller and equal to 20MHz and also could work for the case where > 20MHz.

Actually, for the case where measurement channel bandwidth > 20MHz, the MSD B intended for side lobe is all 0dB. So another more simplified choice is just change the requirements for these cases from 0dB to N/A to avoid the need to define new equations for side lobe. We actually slightly prefer this option.
Proposal 4: For 2nd order harmonics, for the lower MSD (MSD B) region where channel bandwidth is larger than 20MHz,  either change the current 0dB requirements to N/A, or change the offset equation to accommodate channel bandwidth larger than 20MHz. For the case of smaller or equal to 20MHz, the current location is kept. 
Theoretically, the MSD numbers should be revaluated when the UL configurations and side lobe positions are changed. However, after further analysis, the MSD numbers could actually be kept at least for 2nd order harmonics.
For example, for direct overlap, the current MSD values is already based on the assumption that worst condition is fully overlap. For NR direct overlap, the MSD proportionally scales down with the wider distribution of UL harmonics. E.g. DL 20MHz use a roughly 3dB lower MSD value than DL 10MHz, while 40MHz is another 3dB lower than 20MHz. This is inline with the previous worst case assumption. So it is highly possible those MSD numbers could be reused.
For side lobe case, for lower measurement channel bandwidth (<20MHz) the current scenario is also the same to LTE case (50RB restriction needed) and no difference is foreseen. For larger bandwidth, the MSD is basically 0dB. So the MSD values could be reused.
Proposal 5: Reuse MSD values for 2nd order harmonics situation. For higher order modulation further study could be considered.
3. Conclusion

In this paper, the following observations and proposal were provided :
Observation: There is a need to set general guidelines for UL allocation for UL harmonics and other MSD relating rules.

Proposal 1: For direct overlap, the UL allocation should be set to make the UL harmonics just fully cover the victim measurement bandwidth. If full overlap cannot achieved for large measurement bandwidth, the maximum degree of UL allocation possible should be utilized.

Proposal 2: Unless stated otherwise, UL resource blocks shall be centred within the transmission bandwidth configuration for the channel bandwidth. (Note: This configuration is defined for combinations with direct overlap. For combinations with no direct overlap, the uplink configuration and allocation would be defined case by case.)

Proposal 3: UL RB restriction defined for single carrier case should not be used to further restrict the aggressor UL allocation in refsense exception requirements due to UL harmonics. 

Proposal 4: For 2nd order harmonics, for the lower MSD (MSD B) region where channel bandwidth is larger than 20MHz,  either change the current 0dB requirements to N/A, or change the offset equation to accommodate channel bandwidth larger than 20MHz. For the case of smaller or equal to 20MHz, the current location is kept. 
Proposal 5: Reuse MSD values for 2nd order harmonics situation. For higher order modulation further study could be considered.
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